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TRANSVERSE PHYSICS WITH SIDIS, e+e− & pp

Two different topics are discussed:
1. TMD opportunities in Drell-Yan
2. Accessing transversity with dihadron fragmentation functions

Concerning the first topic, the relevance of the sign change of the Sivers function is 
discussed. A simple implementation of neural-network fits is discussed as a method to 
critically assess the current knowledge of the Sivers function, with particular emphasis on the 
presence of poles.

A few other crucial questions on TMDs that can be addressed in Drell-Yan experiments are 
mentioned: the knowledge of unpolarized TMDs, their x dependence, their transverse-
momentum shape, and their flavor dependence. 

Concerning the second topic, the results of the first extraction of the transversity distribution 
function based on collinear factorization is discussed. The results are derived from 
experimental measurements in SIDIS and e+e− annihilation. A comparison with the 
transversity extracted in TMD factorization is shown.
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HERMES data
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Figure 2: The top panels show Asin(φR⊥+φS) sin θ
U⊥ versus Mππ, x, and z. The bottom panels show

the average values of the variables that were integrated over. For the dependence on x and z,
Mππ was constrained to the range 0.5 GeV < Mππ < 1.0 GeV, where the signal is expected to be
largest. The error bars show the statistical uncertainty. A scale uncertainty of 8.1% arises from
the uncertainty in the target polarization. Other contributions to the systematic uncertainty are
summed in quadrature and represented by the asymmetric error band.

The modulation amplitudes extracted are not influenced by the addition in the fit of

terms of the form sinφS (which appears at subleading twist in the polarized cross section

σUT ), or of the form cosφR⊥ sin θ (which appears at subleading twist in the unpolarized

cross section σUU ). These angular combinations exhaust the possibilities up to subleading

twist. In order to eliminate effects of the natural polarization of the Hera lepton beam,

data with both beam-helicity states were combined. The resulting net beam polarization is

−0.020 ± 0.001. The influence of this small but nonzero net polarization on the amplitude

extracted was shown to be negligible by analyzing separately the data of the two beam-

helicity states. There is also no influence from the addition to the fit of a constant term,

the latter being consistent with zero. Identical results were obtained using an unbinned

maximum-likelihood fit.

Tracking corrections that are applied for the deflections of the scattered particles caused

by the vertical 0.3 T target holding field have also a negligible effect on the extracted

asymmetries.

The fully differential asymmetry depends on nine kinematic variables: x, y, z, φR⊥,

φS , and θ, Mππ, and Ph⊥ ( d2Ph⊥ = |Ph⊥|d|Ph⊥|dφh). Due to the limited statistical

precision, it is not possible to measure the asymmetry AU⊥ fully differential in all relevant

variables. Combined with the fact that the Hermes spectrometer does not have a full 4π

acceptance, this implies that the measured number of events is always convolved with the
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FIG. 3: a12 modulations for the 9×9 z1, z2 binning as a func-
tion of z1 for the z2 bins. The shaded (green) areas correspond
to the systematic uncertainties.
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to the systematic uncertainties.
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[25] T. Sjöstrand, L. Lonnblad, S. Mrenna, and P. Skands,

PYTHIA 6.3 physics and manual, hep-ph/0308153,
(2003).

[26] R. Brun, F. Bruyant, M. Maire, A. C. McPherson and
P. Zanarini, CERN-DD/EE/84-1 (1984).

BELLE data

Vossen, Seidl et al. (Belle), arXiv:1104.2425 [hep-ex]

6

  
  
  

  
1
2

  
 a

-0.14

-0.12

-0.1

-0.08

-0.06

-0.04
-0.02

0

0.02

0.04

 < 0.28 
2

0.20 < z  < 0.35 
2

0.28 < z  < 0.42 
2

0.35 < z

  
  
  
  

1
2

  
 a

-0.14
-0.12

-0.1

-0.08

-0.06

-0.04

-0.02
0

0.02

0.04

 < 0.50 
2

0.42 < z  < 0.57 
2

0.50 < z  < 0.65 
2

0.57 < z

1z
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

  
  

  
  

1
2

  
 a

-0.14

-0.12

-0.1
-0.08

-0.06

-0.04
-0.02

0
0.02

0.04

 < 0.72 
2

0.65 < z

1z
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

 < 0.82 
2

0.72 < z

1z
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

 < 1.00 
2

0.82 < z

FIG. 3: a12 modulations for the 9×9 z1, z2 binning as a func-
tion of z1 for the z2 bins. The shaded (green) areas correspond
to the systematic uncertainties.

  
  

 
1

2
  

 a

-0.16

-0.14

-0.12

-0.1

-0.08

-0.06
-0.04

-0.02

0

0.02

2 < 0.40 GeV/c
2

 < m20.25 GeV/c 2 < 0.50 GeV/c
2

 < m20.40 GeV/c 2 < 0.62 GeV/c
2

 < m20.50 GeV/c
  

  
 

1
2

  
 a

-0.16
-0.14

-0.12

-0.1

-0.08

-0.06

-0.04
-0.02

0

0.02

2 < 0.77 GeV/c
2

 < m20.62 GeV/c 2 < 0.90 GeV/c
2

 < m20.77 GeV/c 2 < 1.10 GeV/c
2

 < m20.90 GeV/c

]2 [GeV/c
1

m
0.4 0.6 0.8 1 1.2 1.4 1.6

  
  

 
1

2
  

 a

-0.16

-0.14

-0.12
-0.1

-0.08

-0.06
-0.04

-0.02
0

0.02

2 < 1.50 GeV/c
2

 < m21.10 GeV/c

]2 [GeV/c
1

m
0.4 0.6 0.8 1 1.2 1.4 1.6

2 < 2.00 GeV/c
2

 < m21.50 GeV/c

FIG. 4: a12 modulations for the 8 × 8 m1,m2 binning as a
function of m2 for the m1 bins. The shaded (green) areas
correspond to the systematic uncertainties.

and used in a global fit to the SIDIS data to obtain the
transversity distribution function.
We thank the KEKB group for excellent operation of

the accelerator, the KEK cryogenics group for efficient
solenoid operations, and the KEK computer group and
the NII for valuable computing and SINET3 network sup-
port. We acknowledge support from MEXT, JSPS and
Nagoya’s TLPRC (Japan); ARC and DIISR (Australia);
NSFC (China); DST (India); MEST, KOSEF, KRF (Ko-
rea); MNiSW (Poland); MES and RFAAE (Russia);

ARRS (Slovenia); SNSF (Switzerland); NSC and MOE
(Taiwan); NSF and DOE (USA).

[1] J. C. Collins, S. F. Heppelmann and G. A. Ladinsky,
Nucl. Phys. B 420, 565 (1994).

[2] R. Seidl et al. [Belle Collaboration], Phys. Rev. Lett. 96,
232002 (2006).

[3] R. Seidl et al. [Belle Collaboration], Phys. Rev. D 78,
032011 (2008).

[4] M. Anselmino, M. Boglione, U. D’Alesio, A. Kotzinian,
F. Murgia, A. Prokudin and C. Turk, Phys. Rev. D 75,
054032 (2007).

[5] A. Airapetian et al. [HERMES Collaboration], Phys.
Rev. Lett. 94, 012002 (2005).

[6] V. Y. Alexakhin et al. [COMPASS Collaboration], Phys.
Rev. Lett. 94, 202002 (2005).

[7] M. Gockeler et al. [QCDSF Collaboration], Nucl. Phys.
A 755, 537 (2005).

[8] F. A. Ceccopieri, M. Radici and A. Bacchetta, Phys. Lett.
B 650, 81 (2007).

[9] A. Airapetian et al. [HERMES Collaboration], JHEP
0806, 017 (2008).

[10] H. Wollny [COMPASS Collaboration], arXiv:0907.0961
[hep-ex].

[11] R. Yang [PHENIX Collaboration], AIP. Conf. Proc. 1182
(2009).

[12] X. Artru and J. C. Collins, Z. Phys. C 69, 277 (1996).
[13] D. Boer, R. Jakob and M. Radici, Phys. Rev. D 67,

094003 (2003).
[14] J. C. Collins and G. A. Ladinsky, PSU-TH-114, 18

(1994).
[15] M. Radici, R. Jakob and A. Bianconi,Phys. Rev. D 65,

074031 (2002).
[16] A. Bianconi et al., Phys. Rev. D 62, 034009 (2000).
[17] R. L. Jaffe, X. Jin and J. Tang, Phys. Rev. Lett. 80, 1166

(1998).
[18] A. Bacchetta and M. Radici, Phys. Rev. D 74, 114007

(2006).
[19] A. Bacchetta, F. A. Ceccopieri, A. Mukherjee and

M. Radici, Phys. Rev. D 79, 034029 (2009).
[20] P. Estabrooks and A. D. Martin, Nucl. Phys. B 79, 301

(1974).
[21] S. Kurokawa and E. Kikutani, Nucl. Instr. and Meth. A

499, 1 (2003), and other papers included in this volume.
[22] A. Abashian et al. (Belle Collab.), Nucl. Instr. and Meth.

A 479, 117 (2002).
[23] Z.Natkaniec et al. (Belle SVD2 Group), Nucl. Instr. and

Meth. A 560, 1 (2006).
[24] E. Nakano et al., Nucl. Instr. and Meth. A 494, 402

(2002).
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and used in a global fit to the SIDIS data to obtain the
transversity distribution function.
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First glimpses at transversity
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